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NEW LOOPHOLE FOR THE
EINSTEIN-PODOLSKY-ROSEN PARADOX
Mihel Feldmann
Abstrat
Using the new onept of "stohasti gauge system", we desribe
a novel loophole to irumvent the Einstein-Podolsky-Rosen (EPR)
paradox. We derive a "realisti" (i.e., lassial) model, free from any
paradox, whih exatly emulates the spin EPR experiment. We on-
lude that Bell's inequalities are violated in lassial physis as well,
or, onversely that quantum mehanial theory is logially onsistent
with relativity.
1 INTRODUCTION
In 1935, A. Einstein, B. Podolsky, and N. Rosen (EPR) [1℄ pointed out
a paradox onerning the indetermination priniple in quantum mehanis.
This paradox was rapidly laried by N. Bohr [2℄. However, in 1952, the
EPR questions were reformulated in terms of hidden variables and instanta-
neous eets at a distane by D. Bohm [3℄. Finally, in 1964, J. S. Bell [4℄
demonstrated the so-alled Bell theorem, aording to whih any "loal the-
ory" should satisfy a ertain inequality and then should violate the standard
quantum mehanial theory. Following this paper, a number of experiments
were performed to hek Bell's inequalities (f. review papers: Home, 1991 [5℄
; D'Espagnat, 1978 [6℄; Clauser, 1978 [7℄). The results were non-ambiguous:
Bell's inequalities are violated and the preditions of quantum mehanis
fully satised.
The signiane of this phenomenon has been extensively debated (Mer-
min, 1990 [8℄; Clauser, 1969 [9℄; 1974 [10℄; D'Espagnat, 1984 [11℄; Wigner,
1970 [12℄) and several loopholes have been proposed to irumvent the para-
dox (f. [5℄).
In the present letter, we suggest a new loophole, whih takes advantage
of a well-known impliit hypothesis underlying the onventional derivations
of Bell's theorem, namely, the "stohasti deoupling" of the probability
1
system from the experimental set-up. When this assumption is rejeted, we
show that it is feasible to use non-standard probability outomes, dened as
elements of a so-alled "stohasti gauge system" : This leads to a possible
violation of Bell's inequalities.
The falsity of the "stohasti deoupling" assumption was previously sus-
peted by a number of authors. A signiant example of those ritiisms was
given by Lohak, 1975 [13℄. This author laimed that the use of the same
probability system in relation to dierent experimental arrangements is a-
tually in ontradition with quantum mehanial onepts. His argument
was founded on the interpretation of a partiular event (that we will shortly
reall in Se. 4.2). Nevertheless, his objetion was further disarded by Shi-
mony, 1976 [14℄ who gave an alternative interpretation of the same event in
the framework of the standard theory. In addition, Shimony laimed that
the derivation of Bell's inequalities by Clauser and Horne [10℄ does not really
imply the "stohasti deoupling" assumption. However that may be, in the
present letter, we will not fous on this disussion. Instead, we will exhibit
for the rst time an expliit model in whih the assumption is deliberately
forsaken. For this, we will replae the onventional probability system by
a non standard system of "stohasti gauge variables." Surprisingly, we will
nd that the framework of lassial physis is fully suient.
As a matter of fat, it is generally assumed that it is impossible to vio-
late Bell's inequalities in lassial physis. But we will just provide suh a
realisti, (i.e., lassial) example whih exatly emulates the spin EPR or-
relations. Nevertheless, at this stage, the loophole has not to be taken as a
piture of reality. But at least it proves that Bell's inequalities are violated
in lassial physis as well, or onversely that quantum mehanial theory is
logially onsistent with relativity.
When a oupling between the probability system and the experimental
set-up is assumed, Bell's inequalities turn out to be irrelevant. However, the
need for an instantaneous inuene at a distane is not at one eliminated.
Clearly, this will be ahieved if the probability trial is delayed and performed
at a single loation between the two ends of the system, so long as all om-
muniations of information between suh an "ignition point" and the two
ends of the system are propagated with a nite veloity. We will prove in
Se. 5 that this is entirely feasible in lassial physis provided that some
onsisteny onditions are fullled.
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2 INCOMPATIBILITY BETWEEN
QUANTUM MECHANICS AND
STANDARD PROBABILITY THEORY
It is well known that quantum mehanial orrelation annot be regarded as
a simple appliation of standard probability theory. In the partiular ase of
partile spins, this an be proved by the fat that any onventional random
system should satisfy Bell's inequalities while spin orrelations violate these
inequalities.
For larity, we reformulate here the underlying hypothesis and derive
a new proof of Bell's inequalities using the simple onept of "Hamming
distane" (see any textbook on digital ommuniations, e.g., Viterbi, 1979
[15℄ ).
We onsider an ensemble of N pairs of random orrelated entities {S1, S2}
(e.g., partiles). In a spae region R1, we suppose that an observer O1 selets
freely an argument u1 (e.g., a diretion of analysis), element of a given set
U, and measures on S1 a random dihotomi observable s1 = ±1 (e.g., a
spin), element of a dyadi set S = {-1, +1}. Similarly, in a spae region
R2, a seond observer O2 selets independently an argument u2 ∈ U and,
measures on S2 a random dihotomi observable s2 = ±1 ∈ S.
We suppose now that both u1 and u2 remain xed for the N entity pairs
{S1, S2}. Hene, a sequene of measurements onsists of two observable ar-
rays S1 = {s11 , s12, ..., s1N} and S2 = {s21 , s22, ..., s2N}. The N measurement
pairs an be interpreted as N trials of a random proess. Thus, eah ob-
servable s1i and s2i ∈ U (i = 1, 2, ..., N) should depend on the arguments
u1, u2 ∈ U and on the partiular outome λi of a basi outome set Λ (de-
ned together with its sigma-algebra, Σ(Λ) and its probability distribution
ρ) (Kolmogorov, 1956)[16℄. The Kolmogorov probability system {Λ,Σ(Λ), ρ}
may depend upon the partiular arguments u1 and u2. We an write :
s1i = F1(u1, u2, λi), (1)
s2i = F2(u1, u2, λi), (2)
where F1 and F2 are measurable mappings of Λ onto S = {−1,+1} de-
pending upon arguments u1 and u2 as parameters .
As far as both u1 and u2 remain xed, owing to the Bernouilli weak law
of large numbers, for very large N , the arithmeti mean M(u1, u2) of the
produt s1is2i is independent of the atual outome array {λi1, λi2 , ...λiN}
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and equal to the mathematial expetation E[s1s2] of the observable produt
with respet to the probability system {Λ,Σ(Λ), ρ}.
M(u1, u2) = (1/N)(s11s21 + s12s22 + ... + s1N s2N ) = E[s1s2]. (3)
It will be onvenient to substitute for the observables, xi = (1 + s1i)/2
and yi = (1 + s2i)/2, (i = 1, 2, ..., N). Let X = {x1, x2, ...xN} and Y =
{y1, y2, ..., yN}. It is seen that xi and yi are binary digits (0 or 1) while X
and Y are binary words ofN bits. In signal proessing, the Hamming distane
dH(X, Y ) between two N-bit words is dened as the number of homologous
bits whih are dierent in the two words X and Y . In addition, it is readily
shown that dH has the standard properties of a metris, i.e., that
dH(X, Y ) ≥ 0; dH(X, Y ) = dH(Y,X); dH(X, Y ) = 0 ⇐⇒ X = Y,
|dH(X,Z)− dH(Y, Z)| ≤ dH(X, Y ) ≤ dH(X,Z) + dH(Y, Z). (4)
The triangle inequality Eq.(4), refers to a new arbitrary N-bit word Z.
(Atually, the rst part of the triangle inequality is a onsequene of the
seond part).
Coming bak to the observable arrays S1 and S2, dene
d(S1, S2) = (1/N)dH(X, Y ). (5)
From Eq.(3), it is a simple exerise to show that
d(S1, S2) = (1/2)(1−M(u1, u2)). (6)
Presently, any observable array S1 or S2 only pertains to an assigned lo-
ation, within a pair of random orrelated entities {S1, S2} and to a denite
pair of arguments {u1, u2}. In order to hek the triangle inequality we have
to dene a non-ambiguous situation involving three observable arrays Sa, Sb
and Sc dened at one and the same time, irrespetive of their atual environ-
ment. For this, we have to fore any valid outome array {λi1 , λi2, ..., λiN} to
t any argument pair, and hene to assume the following assumption :
Assumption 1 (stohasti deoupling) The Kolmogorov probability sys-
tem {Λ,Σ(Λ), ρ} is independent of any partiular hoie of arguments u1 and
u2.
When assumption 1 holds true, a validN-element outome array {λi1 , ..., λiN}
is simply the olletion of the N outomes from N independent trials per-
formed in Λ with respet to the probability distribution ρ .
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We will further suppose that the end regions R1 and R2 are taken very
far from one another and with no overlap. Thus, we may assume that the
hoie of one argument in one region does not inuene instantaneously at a
distane the experimental result in the seond region. This harateristis is
usually formalised in terms of "loality priniple" :
Assumption 2 (loality) The observable s1i (resp. s2i) desribed by Eqs(1)-
(2) only depends upon (u1, λi) (resp. (u2, λi) ), where u1, u2 ∈ U and λi ∈ Λ.
Furthermore, to aount for spin orrelation, the orrelation between entities
S1 and S2, still governed by Eqs. (1)-(2) is generally speied as follows :
∀λi ∈ Λ, ∀u1, u2 ∈ U : u1 = u2 ⇒ s1i = −s2i . (7)
However, for symmetry, and without loss in generality, we will prefer the
following denition :
Assumption 3 (orrelation) Let the observables s1i and s2i be desribed
by Eqs(1)-(2). We have:
∀λi ∈ Λ, ∀u1, u2 ∈ U : u1 = u2 ⇒ s1i = s2i . (8)
When assumptions 2 and 3 hold true, any observable sk of an entity Sk
depends only upon one argument uk ∈ U and one random outome λ ∈ Λ :
sk = F (uk, λ), (9)
irrespetive of k = 1 or 2. Hene, Eq.(9) replaes Eqs.1-(2).
With assumptions 1 to 3, we are able to dene without ambiguity three
observable arrays, Sa, Sb and Sc derived from the same valid outome ar-
ray {λi1, λi2 , ...λiN}, and orresponding respetively to three partiular argu-
ments, a, b and c of U. Then, learly, for very large N , the distane d(Sa, Sb)
between observable arrays, Eq. (5), is a mathematial metris independently
of the atual outome array. From Eq. (6), the triangle inequality (Eq.(4)
rst part),
|d(Sa, Sc)− d(Sa, Sb)| ≥ d(Sb, Sc),
is immediately translated into :
|M(a, b)−M(a, c)| ≤ 1−M(b, c). (10)
Equation (10) is Bell's inequality, slightly modied to aount for the hange
of sign of M(b, c), sine Bell makes use of Eq. (7) instead of Eq.(8). This
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inequality is an alternative formulation of the triangle inequality with respet
to the Hamming distane.
Now, we measure the spins of a orrelated partile pair in diretions a
and b respetively. Let sa and −sb be the results. We repeat this experiment
with new partiles identially prepared. Let M(a, b) be the mean value of
the produt sa · sb for a very large number N of experiments. From quantum
mehanial theory, we know that
M(a, b) = cos(a− b). (11)
This orrelation funtion leads to a violation of Bell's inequalities Eq. (10),
e.g., for a = 0, b = pi/4 and c = pi/2.
3 DISCUSSION
We onlude from Se. 2 that the three assumptions 1-3 do not simultane-
ously hold true in quantum mehanis. Sine the orrelation assumption is
atually an experimental result, a onventional onlusion is that the loality
priniple is disproved. However, as the derivation of Bell's inequalities also
implies assumption 1 (stohasti deoupling), this last ondition is also ques-
tionable. Furthermore, if assumption 2 seems rather "plausible", assumption
1 is not evident at all. Above all, as we shall see in Se. 5, the requirement
of instantaneous inuene at a distane may be ompletely eliminated when
assumption 1 is rejeted.
A simple example of violation of Bell's inequalities when assumptions 2
and 3 hold true but not assumption 1 is skethed in Table 1, in the framework
of a disrete 6-element outome set : The outome set Λ = {λ1, λ2, ...λ6} is
xed but the probability distribution, dened as
ρu1u2(λi) = mpu1(λi) + (1−m)pu2(λi), (12)
depends upon the pair of seleted arguments {u1, u2} in aordane with
Table 1. (In Eq.(12), the so-alled "parametri probabilities" pu1(λi) and
pu2(λi) are given in Table 1; i =1 to 6 and u1, u2 = a, b or c ; in addition, m
= 0 or 1 is an arbitrary but xed oeient). For reasons explained in Se.
4.2. we will all "stohasti gauge system" suh a non standard probability
model.
We ompute easily from Eqs.(3, 12) and Table 1 :
M(a, b) = E[sa · sb] =
6∑
i=1
sa(λi) · sb(λi) · ρab(λi) = 2/3; (13)
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sa sb sc pa pb pc
λ1 +1 +1 +1 3/12 4/12 3/12
λ2 −1 +1 +1 1/12 1/12 2/12
λ3 −1 −1 +1 2/12 1/12 1/12
λ4 −1 −1 −1 3/12 4/12 3/12
λ5 +1 −1 −1 1/12 1/12 2/12
λ6 +1 +1 −1 2/12 1/12 1/12
Table 1: Example of non standard probability system using "stohasti gauge
variables."
and similarly, M(a, c) = 0 ; M(b, c) = 2/3, (regardless of the oeient
m = 0 or 1). Bell's inequality, Eq. (10), is violated. Now, suppose that a
rst observer O1 in an end region R1 is allowed to selet one of the three ar-
guments a, b and c. In addition, suppose that the outome of a random trial
is one member of the six element set Λ and that the probability distribution
ρ involved in Λ depends upon the seleted argument u1 = a, b or c, aording
to Eq.(12) and Table 1 (we use m = 1 in Eq.(12)). Finally, suppose that
the observable is the dihotomi variable sλi = F (u1, λi) also given in Table
1. We will eliminate any instantaneous transmission in Se. 5, but provi-
sionally assume that the outome λi of the random trial is instantaneously
transmitted from the end region R1 to a seond region R2 where a seond
observer O2 selet independently a seond argument u2 = a, b or c. This is
exatly the onventional interpretation of EPR experiment whih leads to a
violation of Bell's inequalities. But before we proeed any further, we must
make sure of some onsisteny onditions.
4 CONSISTENCY CONDITIONS
4.1 Derivation of Consisteny Conditions
The key ondition in the proedure of Se 3. is the possibility of performing a
denite random trial as soon as one argument a is known (and onsequently
to ignore the seond argument), while the dihotomi observable sa should be
onsistent with any argument b as seond partner in the pair. The onsisteny
onditions an be formalised as follows:
- A so-alled "parametri probability distribution" pa is assoiated with
eah argument a. LetEa[.] stand for the mathematial expetation assoiated
with this probability distribution pa.
- For any pair (a, b) of arguments, we have :
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Ea[sa] = Eb[sa] = E[sa] (14)
Ea[sa · sb] = Eb[sa · sb] (15)
Equation (14) may be regarded as a weak version of assumption 1. This
denes an overall expetation E[s] independent of any argument. On the
ontrary, Eq.(15) is onsistent with a very violation of assumption 1.
Proof. Let A
+ = {λ ∈ Λ/F (a, λ) = +1} and similarly for A−, B+ and
B
−
. Sine the very observables are dihotomi, we must have a denite
probability for, e.g., ρab(A
+) and ρab(A
+
⋂
B
+) irrespetive of the partiu-
lar value of m in Eq.(12). This is translated in terms of expetations into
Eqs.(14-15).
By inspetion of Table 1, we see that these onditions are fullled.
4.2 Interpretation in Terms of "Stohasti Gauge Vari-
ables"
It is worth noting that the individual outomes λ are not observable, sine
they have not a denite probability. Consequently, they should not be in-
terpreted as "hidden variables." In addition, provided that the onsisteny
onditions remain invariant, neither the basi set Λ nor the parametri prob-
ability distributions p are unique. Thus, the outomes λ may be rather
regarded as a form of "stohasti gauge variables."
Inidentally, we will reall an argument given by Lohak, 1975 [13℄ and
disussed by Shimony, 1976 [14℄. They onsider the event A
+
⋂
B
+
. As we
have seen, this event should have a denite probability. Aording to Lohak,
this is a onsequene of assumption 1 (stohasti deoupling). But learly,
this assumption is not neessary. So, we will not debate further of the subtle
interpretation of this event.
4.3 Transmission of information
We will now onsider the possibility of transmitting information from region
R1 to region R2 . Aounting for assumptions 2 and 3 (loality and orrela-
tion), we may regard the observable arrays as sequenes of digital signals in
a memoryless symmetri hannel. The input will be one argument, u1 = a
or b in region R1 . Let qa and qb respetively be the relevant a priori prob-
abilities. This input signal is next enoded by use of a random proess as
desribed, e.g., in Table 1, generating a digital sequene. The output will
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be the observable s2 reeived on port 2 in the region R2 , with the seond
argument u2 as a parameter.
In R2 , in order to disriminate between the two possible input signals, a
and b, we have to evaluate, e.g., the onditional probability pr{u1 = a/s2 =
+1}, for one observable s2 with u2 as a xed parameter. (pr{.} stands for
"probability that {.}"). By virtue of Eq.(14), we have:
pr{u1 = a|s2 = 1} =
pr{s2 = 1|u1 = a} · pr{u1 = a}
pr{s2 = 1}
= pr{u1 = a} = qa.
Irrespetive of u2, this probability is idential to the a priori probability.
No information an be transmitted.
5 ELIMINATING INSTANTANEOUS
INFLUENCE AT A DISTANCE
In this setion, we will show that the requirement of instantaneous inuene
at a distane an be ompletely eliminated even with a spaelike interval
between the two end regions R1 and R2 . For this, we will emulate an
idealised EPR experiment (Fig. 1).
We onsider a restframe where a soure S and two observers loated in
regions R1 and R2 respetively are xed. In addition, between the two end
regions, we dene an "ignition point" P. A two way ommuniation link is
established between R1 and P, and R2 and P, respetively. Let τ1 and τ2 be
the non negative time delays between R1-P and R2-P and let τ1 + τ2 = T .
At time t1, an exited atom is generated from the soure.
At time t2, a pair of orrelated entities (e.g., photons) is emitted towards
the two observers.
At time t3 and t4 respetively, eah observer in regions R1 and R2 opens
a polarizer in a random orientation, u1 and u2 respetively, seleted among
three possibilities, a, b and c. The two photons reah R1 and R2 respetively
at the same time t5 (t5 ≥ t3 and t5 ≥ t4).
Now, at time t5, the interation between the photon and the polarizer
loated in region R1 makes the loal orientation information u1 = a, b or c
to be launhed with a nite veloity from R1 towards the ignition point P
(and similarly for the seond region R2).
At point P, an information uk (k = 1 or 2, e.g., k = 1 in Fig. 1) will be
rst available at time τ = t5 + τk. The seond information, if any, will be
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Figure 1: Time-spae diagram of an idealised EPR experiment.
ignored. At P, we perform a random trial with respet to the relevant para-
metri probability distribution, depending upon this rst reeived argument
uk. The outome of the trial is one member λ of the basi set Λ.
This only outome λ is returned, again with a nite veloity, bakwards
both end regions Rk (k = 1 and 2). This information λ is reeived at time t6
and t7 respetively in regions R1 and R2 where the dihotomi observables
sk = F (uk, λ) are nally determined.
Clearly, any ommuniation of information between the end regions and
the ignition point will require a nite time lapse and thus will always be
onsistent with relativity.
The measurements are ompleted at time t6 and t7. By ontrast, the
average orrelations are immediately dened as soon as the arguments are
seleted in the end regions, i.e., at time t3 and t4. Therefore, and this state-
ment is surprising but trivial: Statistis are instantaneously denite at a
distane. There is no ontradition, beause this does not imply any sort of
propagation. This just means that if a fat is true, it is instantaneously true
everywhere.
In this model, the ignition point P will usually be inaessible and its
loation should be regarded as an unontrolled random variable. Therefore,
depending upon the loation of P , t6 and t7 will be randomly distributed
within the range [t5, t5 + T ]. Thus, stritly speaking, for an ensemble of
measurements, there is no delay, but rather a nite risetime. The only ex-
perimental evidene of suh a mehanism will be a risetime dependene, e.g.,
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proportional to the delay T between the two end regions R1 and R2 .
Disussion of the Aspet's experiment. Most experiments on the EPR
paradox only hek the violation of Bell's inequalities. Aording to our
model, this does not prove any instantaneous inuene at a distane. How-
ever, at least one experiment by Aspet, Dalibard and Roger (Aspet, 1982
[17℄) seems to have denitely proved the existene of suh very instantaneous
eets. The authors make use of an aoustoopti swith to rediret the light
inident from the soure towards one of two polarising ubes in order to forbid
any transmission of information with a nite veloity. Atually, our model
is muh simpler but tentatively, these results may be reinterpreted. An ide-
alised Aspet experiment is very similar to our above desription (g. 1) but
in addition, the polarizers are shut at time t8 > t3, and t9 > t4 respetively.
Now, aording to our model, if t3 ≤ t5 and t6 ≤ t8 in region R1 ,
and t4 ≤ t5 and t7 ≤ t9 in region R2 , the dihotomi observables will be
determined. Otherwise, the photons will not be deteted. This will redue
the yield, but this will not aet the statistial distribution. In other words,
exept from the yield, the experimental results should remain unhanged.
In the atual Aspet's experiment, due to possible leakage of the aous-
toopti ells, the times t8 and t9 of total shutting are diult to appreiate.
However, when aounting for the all the delays the yield is found very lose
to zero. Indeed, the Aspet's yield was unexpetedly low, but no explanation
of this fat was reported.
Aording to our model, it should be emphasised that the ruial eet
is not the violation of Bell's inequalities but only the variation of the yield,
versus dierent parameters suh as the distane between the two end regions.
So far, to the best of our knowledge, no suh experiments have been reported.
6 A CLASSICAL EMULATION OF EPR EX-
PERIMENT
The previous example (Se. 3) may be easily extended to t the onventional
EPR spin experiment. Now, the outome set will be the unit irle Λ = {λ}.
We will also allow the arguments u = a, b and c to be any diretion of the
unit irle U = {u} of the possible spin orientations.
For any argument u ∈ U , dene a parametri probability density in Λ :
pu(λ)dλ = (1/4)| cos(λ− u)|dλ.
Furthermore, dene the observable:
F (u, λ) = su(λ) = sgn(cos(λ− u)),
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where "sgn" stands for sign. It is a simple exerise to ompute the
mathematial parametri expetations :
Ea[sa] =
∫
2pi
0
sa(λ)pa(λ)dλ = 0 = Eb[sa],
Ea[sasb] =
∫
2pi
0
sa(λ)sb(λ)pa(λ)dλ = cos(a− b) = Eb[sasb],
Both onsisteny onditions Eqs. (14-15) are fullled. In addition, the
mathematial expetations emulate the onventional spin EPR orrelations
in aordane with Eq.(11), i.e., M(a, b) = cos(a− b).
Thus, we an repeat exatly the prior desription of a given experiment.
The onlusion will be the same : Bell's inequalities are violated. As regards
instantaneous inuene at a distane, we will assume as in Se. 5 that the
quantum mehanial ollapse is equivalent to a stohasti trial ourring at
an ignition point P, loated at random between the two end regions. In
other words, the two spin diretions, or at least one of them, are propagated
with a nite veloity from the end regions to the random point P. This
an be interpreted as a very "ignition point" for the quantum mehanial
ollapse. Next, the ollapse front is propagated with a nite veloity from
the ignition point bakwards the two end regions. Thus, it is possible to
forsake instantaneous eets with the only ounterpart of a nite risetime
depending upon the distane between the two end regions. Nevertheless, the
orrelations are instantaneously denite at a distane as soon as the spin
diretions are seleted (as explained in Se. 5).
7 PHYSICAL INTERPRETATION
Coming bak to the EPR experiment, the quantum state of the system is
initially represented by a pure wave funtion Ψ0. Assume that one argument,
(e.g., u1 = a), is seleted in one end region, e.g., R1. Then, aording to
our model, the system will be desribed by the parametri probabilities pa
. As soon as the physial system interats with region R1 the initial state
Ψ0 ollapses into a mixture of two (equally likely) pure states, Ψ
+
1 and Ψ
−
1
orresponding respetively to s1 = +1 and s1 = -1.
In region R1, let S
1
a
be the quantum spin operator of the rst partile
with respet to the argument u1 = a. The average spin is omputed as
Ea[sa] = (1/2)[< Ψ
+
1 |S
1
a
|Ψ+1 > + < Ψ
−
1 |S
1
a
|Ψ−1 >=< Ψ0|S
1
a
|Ψ0 >
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On the other hand, in region R2, the seond observer selets independently
an argument u2 = b. Provisionally, assume that this hoie preedes any
seletion of argument by the rst observer in region R1. As soon as the
physial system interats with region R2, the initial state Ψ0 ollapses into
a mixture of two equally likely pure states, Ψ+2 and Ψ
−
2 orresponding re-
spetively to s2 = +1 and s2 = −1. Now, the seond observer may evaluate
the onditional expetation of the observable s1 if the rst argument u1 is
assumed to be u1 = a as
Eb[sa] = (1/2)[< Ψ
+
2 |S
1
a
|Ψ+2 > + < Ψ
−
2 |S
1
a
|Ψ−2 >
Aording to quantum mehanial theory, we meet again the rst onsis-
teny ondition,
Ea[sa] = Eb[sa] =< Ψ0|S
1
a
|Ψ0 >
Now, bak in region R1 ,we may evaluate the onditional expetation of
the produt s1s2 if the seond argument u2 is assumed to be u2 = b as
Ea[sasb] = (1/2)[< Ψ
+
1 |S
1
a
⊗ S2
b
|Ψ+1 > + < Ψ
−
1 ⊗ S
2
b
|Ψ−1 >
where S2
b
is the quantum spin operator of the seond partile with respet
to the argument u2 = b.
On the other hand, in region R2 , assume that the argument, u2 = b, has
been seleted. We ompute the onditional expetation of the produt s1s2
if the rst argument u1 is assumed to be u1 = a as
Eb[sasb] = (1/2)[< Ψ
+
2 |S
1
a
⊗ S2
b
|Ψ+2 > + < Ψ
−
2 ⊗ S
2
b
|Ψ−2 >
From quantum mehanial theory, the seond onsisteny ondition holds:
Ea[sasb] = Eb[sasb] =< Ψ0|S
1
a
⊗ S2
b
|Ψ0 >
In onlusion, the parametri probabilities pu with respet to one argu-
ment, u, appear to be the probabilities governing the ollapse of the initial
wave funtion as soon as one argument u has been seleted in one end region.
8 CONCLUSION
We have suggested a new loophole to irumvent the EPR paradox. Our
model may be skethed as follows : (1) The quantum mehanial ollapse is
assumed to be propagated with a nite veloity from a random ignition point.
(2) Although onsistent with quantum mehanial theory, the probability
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system whih governs the ollapse depends upon independent arguments to
be seleted in two spaelike separated regions. (3) As soon as the arguments
are seleted, the probability system is immediately ompleted. Therefore,
orrelations are instantaneously denite at a distane.
We have shown that the only violation of Bell's inequalities does not prove
that the quantum mehanial ollapse is instantaneous. Our lassial model
does not aim to desribe the underlying reality. However, the experimental
signature of a similar quantum mehanial mehanism ould be a risetime
dependene, e.g., proportional to the distane between the two end regions.
Only suh experiments, similar to the Aspet's experiment, ould hek if
the ollapse is or not denitely instantaneous.
Finally, we have exhibited a non paradoxial realisti model whih exatly
emulates the spin EPR experiment : This proves that quantum mehanial
theory is logially onsistent with relativity.
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